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ABSTRACT: This paper presents a comprehensive 

account of research findings reporting antimicrobial 

potential of lichens including their anti-bacterial, 

anti-fungal, anti-viral and anti-protozoal activities. 

Lichen is an intimate long term symbiotic association 

between a fungal partner (mycobiont) and an alga or 

cyanobacterium (phycobiont). The biochemistry of 

the two individuals alone and when they are in 

symbiotic association are different. This validates the 

search for bioactive metabolites in lichen as well as 

in fungal counterparts separately. More than 800 

secondary metabolites have been reported to be 

produced from lichens, majority of which are unique 

to those lichen species and only a small fraction of 

those secondary metabolites are found in higher 

plants or other fungal organisms. These unique 

secondary metabolites are screened for various 

exclusive biological activities such as, antimicrobial, 

anti-cancer, anti-oxidant, anti-inflammatory, and 

many others. Appearance of multi-drug resistant 

organisms, appearance of new diseases, re-emergence 

of threatening diseases thought to be eliminated 

before, and the rapid development of drug resistance, 

are the major problems existing in the health sector 

created an urge for the discovery of novel 

antimicrobial compounds. Lichens have been largely 

underexplored and hence new species are being 

recorded with an increasing frequency with current 

insurgence of research interest in biodiversity. Hence, 

probing for antimicrobials from lichens would be a 

wise approach to cope up with these arising health 

threats. At present, lichens remain as under-tapped 

organisms and thus, exploring lichens with further 

research and development would provide new 

bioprospecting opportunities and solutions to rising 

research problems. 

Key words: lichens, symbiotic association, drug 

resistance, antimicrobials, bioprospecting 

 

I. INTRODUCTION 

Lichens are unique organisms resulted from 

a symbiotic association between a fungus, termed as 

the mycobiont, and a cyanobacterium or alga, termed 

as the phycobiont [1]. There are about 20,000 

recorded lichen species worldwide, covering about 

8% of the world’s land surface [2]. The current 

estimation suggests 28,000 and interestingly half of 

that is entirely harbored in the tropics. The symbiotic 

relationship itself is an adaptation for lichens to 

thrive in a variety of terrestrial habitats, from the 

tropics to Polar Regions [3]. Lichens are ecologically 

important in many aspects. Acting as carbon sinks, 

food sources, bioindicators and maintaining soil 

ecology are a few to mention [4, 5]. Their unique 

secondary metabolites are screened for important 

biological activities such as anti-bacterial, anti-

fungal, antiviral, analgesic, antipyretic, antitumor, 

allergenic, plant growth inhibitory, enzyme 

inhibitory, anti-inflammatory, antipyretic, anti-

proliferative, cytotoxic effects etc. [5-8]. Despite 

their value, the therapeutic potential of lichens has 

not been fully exploited. 

Major threats, currently prevailing in the 

health sector are the appearance of multi-drug 

resistant organisms, rapid development of drug 

resistance, appearance of new diseases, and 

resurfacing  diseases thought to be eliminated long 

before [9]. According to the estimates, 300 million 

people would die prematurely as a result of drug 

resistance over the next 35 years, and global Gross 

Domestic Product (GDP) will decrease by 2 to 3.5% 

in 2050 when compared to the current situation [10]. 

If development of antimicrobial drug resistance is not 

properly addressed, it is predicted that the world can 

expect to lose between 60 and 100 trillion dollars in 

economic production between now and 2050 [10]. 

World Health Organization has prioritized the 

pathogens as (i) Priority 1: Critical (Acinetobacter 

baumannii,Pseudomonas aeruginosa, and 

Enterobacteriaceae), (ii) Priority 2: High 

(Enterococcus faecium, Staphylococcus aureus, 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 565 

Helicobacter pylori, Campylobacter, Salmonella spp., 

and Neisseria gonorrhoeae), and (iii) Priority 3: 

Medium (Streptococcus pneumoniae,Haemophilus 

influenza, and Shigella spp.) for the novel antibiotic 

development [11]. 

This looming global health crisis has 

escalated the research towards development of novel 

antimicrobial compounds. In search for those with 

low side effects, researchers have turned their interest 

into compounds of natural origin. Among many 

organisms, lichens are of great interest due to their 

unique combination with fungi.  Anti-bacterial, anti-

fungal, anti-viral and anti-protozoal activities of 

lichens have been well documented [12, 13]. 

Promising results obtained in those studies highlight 

the significance of lichen substances in high 

throughput screening programs for pinpointing new 

lead compounds with antimicrobial potential. The 

enthusiasm of lichenologists on lichen chemistry 

reflect the demand for secondary metabolites 

extracted from microorganisms with interesting 

biological activities, especially natural lead 

compounds with unique structural diversity, which 

aid drug discovery programs [14]. This review is an 

effort to summarize the research findings which point 

out the antimicrobial potential of lichens including 

their anti-bacterial, anti-fungal, anti-viral and anti-

protozoal activities to emphasize the importance of 

lichen research and development in future to 

overcome the current threats of heath sector. 

 

II. METHODOLOGY 
Information on various biological activities 

of lichens was collected from various sources and 

anti-microbial potential including anti-bacterial, anti-

fungal, anti-viral, and anti-protozoal activities 

demonstrated by lichens were comprehensively 

analyzed. Finally the summary of the findings, 

challenges in the lichen research and 

recommendations for the future are documented in 

this review paper. 

 

III. RESULTS 
3.1 Anti-bacterial activities 

The antibacterial activity of crude lichen 

extracts has been reported in several studies. 

Burkholder initiated the research on anti-bacterial 

activity of lichens on 1940. A number of 42 lichens 

have been evaluated and 27 of them were found to 

suppress bacterial growth [115]. In another study 

where 69 New Zealand lichen species were tested, 

growth inhibition of Escherichia coli, Enterococcus, 

Pseudomonas, Bacillus, Streptococcus, and 

Mycobacterium [16] was reported. Anti-bacterial 

activity of salazinic acid isolated from the lichen 

extract of Parmelia sulcata was also documented 

against Streptococcus faecalis, Yersinia 

enterocolitica, Bacillus cereus, Proteus vulgaris, 

Aeromonas hydrophila, Listeria monocytogenes, and 

Staphylococcus aureus [17]. Protolichesterinic acid 

from the extract of the lichen Cetraria aculeata 

showed inhibition against 9 bacteria: both Gram-

positive and Gram-negative [18]. Lichen species 

from Serbia:Umbilicaria polyphylla, Umbilicaria 

cylindrica, Parmelia sulcata, Lasallia pustulata, 

Parmelia caperata, Cladonia furcata, Parmelia 

pertusa, and Hypogimnia physodes showed anti-

bacterial activity whereas the strongest inhibition was 

reported from the extracts of Parmelia sulcata and 

Parmelia pertusa [19]. 

Usnea ghattensis extracts also showed 

promising activity against Bacillus subtilis, Bacillus 

licheniformis, Staphylococcus aureus, and Bacillus 

megaterium [20]. Also, 11 lichens of Turkey 

including Ramalina farinacea and Peltigera 

polydactyla were evaluated and anti-bacterial 

activities were documented [21]. The lichens 

Flavoparmelia caperata, Hypogymnia physodes, 

Evernia prunastri, and Cladonia foliaceawere active 

against 15 bacterial strains whereas the strongest 

inhibition was observed against the Gram-positive 

species [22]. In vitro screening of the lichen extracts 

of Parmeliopsis hyperopta and Lecanora frustulosa 

also revealed their anti-bacterial potential against 

Bacillus mycoides, Enterobacter cloacae, Escherichia 

coli, and Staphylococcus aureus [23]. Paudel et al. 

[24] reported the anti-bacterial activity of some 

Antarctica lichens including Stereocaulon alpinum, 

Caloplaca regalis, Lecanora sp., Ramalina terebrata, 

and Caloplaca sp. 

Saenz et al. [25] reported that, Lecanora 

muralis, Ramalina canariensis, Cladonia firma, and 

Ramalina subfarinacea lichen species inhibited the 

growth of some Gram-positive bacterial strains. 

Vibrio cholera, Shewanella sp., Klebsiella 

pneumonia, Salmonella sp., and Enterococci sp. were 

also inhibited by the lichen extracts of Roccella 

belangeriana whereas the strongest inhibition was 

recorded against Vibrio cholera [26]. In a past 

investigation, where 34 North American species were 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 566 

evaluated, Pseudomonas aeruginosa, Escherichia coli, 

Staphylococcus aureus, and methicillin-resistant 

Staphylococcus aureus were inhibited by most of the 

lichens including Vulpicida canadensis, Letharia 

vulpina, and Letharia columbiana [27].Indian lichens 

Parmotrema tinctorum, Parmotrema praesorediosum, 

and Parmotrema grayanum showed anti-bacterial 

activity against 5 Gram-negative and 3 Gram-positive 

bacterial strains [28]. 

Ristić et al. [29] reported the anti-bacterial 

activities of lichens Melanelia fuliginosa and 

Melanelia subaurifera whereas the MIC values for the 

tested lichen extracts against bacterial strains 

fluctuated between 1.25 to 20 mg/mL. The lichen 

extract of Lasallia pustulata also inhibited 

Escherichia coli, Staphylococcus aureus, Proteus 

mirabilis, Bacillus cereus, and Bacillus subtilis [30]. 

Likewise, bacterial strains including Escherichia coli 

and Bacillus cereus were inhibited in a previous 

study, where the lichens Ramalina hossei, Ramalina 

conduplicans, and Ramalina pacifica were 

investigated [31].Similarly, Staphylococcus aureus, 

Staphylococcus pneumonia, and Bacillus subtilis 

were inhibited by the lichen extracts of Parmelia 

vagans [32]. Also, anti-bacterial activities of 

Cladonia fimbriata, Cladonia rangiferina, Cladonia 

furcata, and Cladonia foliacea were reported in a 

previous research study with the strongest inhibition 

from Cladonia fimbriata [33]. 

In a similar research, anti-bacterial activities 

of the lichen extracts of Heterodermia boryi, 

Parmotrema melanothrix, Usnea nilgirica, 

Parmotrema stuppeum, and Pyxine sp. were reported 

against Acinetobacter sp., Pseudomonas sp., 

Escherichia coli, Streptococcus viridans, Klebsiella 

sp., Staphylococcus aureus, and Coagulase-negative 

Staphylococcus aureus with the strongest inhibition 

from Parmotrema stuppeum [34]. Various other 

lichen research studies reported the antibacterial 

activities of the lichen extracts of Parmotrema 

pseudotinctorum [35], Parmotrema reticulatum [36], 

Parmotrema sanctiangelii [37], Parmotrema 

nilgherrensis [38], Usnea barbata [39], Pseudoevernia 

furfuracea [40], Stereocaulon paschale [41], and 

Bryoria capillaris [42]. These findings emphasizes 

that the anti-bacterial potential of lichens should be 

further explored for the wellbeing of the society. 

 

 

 

3.2 Anti-fungal activities 

Lichens have proven themselves as potential 

candidates for the screening of anti-fungal 

compounds in many past studies. The pathogenic 

fungi Trichophyton mentagrophytes, Trichophyton 

rubrum, and Microsporum gypseum were inhibited 

by the extracts of Usnea florida and Protousnea 

poeppigii [43]. Lichen species from Serbia including 

Umbilicaria cylindrica, Cladonia furcate, 

Hypogymnia physodes, Umbilicaria crustulosa, 

Parmelia pertusa, Lasallia pustulata, Parmelia 

caperata, Parmelia sulcata, and Umbilicaria 

polyphylla inhibited the growth of ten fungal species 

with the strongest inhibition from Parmelia sulcata 

and Parmelia pertusa [44]. Extracts of Roccella 

belangerianainhibited the growth of Rhizopus sp. and 

Aspergillus niger [26]. Antifungal activities of the 

lichens Cladonia foliacea, Evernia prunastri, 

Hypogymnia physodes, and Flavoparmelia caperata 

were also revealed in a previous study. In that study, 

Hypogymnia physodes and Evernia prunastri strongly 

inhibited filamentous fungal strains and yeasts, 

respectively [45]. 

Goel et al. [46] reported the anti-fungal 

activities of the lichen Parmelia reticulata against 

Pythium aphanidermatum, Sclerotium rolfsii, 

Rhizoctonia solani, Pythium debaryanum, and 

Rhizoctonia bataticola which are soil-borne 

pathogens. Moreover, Trichoderma harsianum, 

Candida albicans, Mucor mucedo, Aspergillus 

fumigatus, Aspergillus flavus, Penicillium 

verrucosum, Fusarium oxysporum, Penicillium 

purpurescens, and Paecilomyces variotii were 

inhibited by the extracts of lichens Parmeliopsis 

hyperopta and Lecanora frustulosa [23]. Extracts of 

Protousnea poeppigii inhibited the growth of several 

fungal strains including Aspergillus niger, 

Aspergillus fumigatus,  Aspergillus flavus, 

Saccharomyces cerevisiae, Candida tropicalis, 

Candida albicans, Microsporum gypseum, 

Trichophyton rubrum, and Trichophyton 

mentagrophytes as well [47]. Some plant pathogenic 

fungal strains such as, Ustilago maydis, Phytophthora 

infestans, Fusarium roseum, and Pythium ultimum 

were inhibited by the lichen extracts of Parmotrema 

tinctorum, Hypogymnia physodes, and Evernia 

prunastri [48]. In addition, the anti-fungal activities 

of the lichens Lasallia pustulata [30], Alectoria 

sarmentosa [19], Cladonia portentosa [48], and 
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Cladonia rangiferina [19] were reported in many 

previous investigations. 

Various bio active compounds from lichens 

have proven their anti-fungal potential in the past 

studies as well. Anthraquinones extracted from the 

lichens Caloplaca cerina, Xanthoria sp., and 

Caloplaca cerina showed anti-fungal activities [49-

51]. Also, the researchers have found out the anti-

fungal potential of the several other bioactive 

compounds including divaricatinic acid, 

fumarprotoacetraric acid, Usnic acid, salazinic acid, 

Parietin, 5-propylresorcinol, lecanoric acid, 

isodivaricatic acid, atranorin, stictic acid, and zeorin 

[17,23,47,52&53].Thus, the anti-fungal potential of 

lichens should be further explored in order to 

compete with the threatening fungal strains. 

 

3.3 Anti-viral activities 

Lichens have been found to be a good 

source of antiviral drugs. Results of numerous past 

studies showed the anti-viral activities of lichens. 

Anti-viral compounds against vesicular stomatitis 

virus (VSV), HSV-2, parainfluenza virus, and 

vaccinia virus were extracted from the lichen 

Hypericum perforatum. Those compounds were later 

identified as hypericin and emodin [54]. In a lichen 

study, where 69 New Zealand lichen species were 

evaluated, P. homoeophylla, Cladia retipora, and 

Pseudocyphellaria glabra lichens showed anti-viral 

activity [55]. Anti-viral activities of some other 

lichen extracts against Epstein-Barr virus, HIV and 

human cytomegalovirus were also documented [56-

58]. Lichenan is a secondary metabolite of lichens 

which is widely known for its anti-viral activity 

against TMV (Tobacco Mosaic Virus). Along with 

lichenan, some other secondary metabolites of 

lichens such as, hypericin, parietin, bianthrones, and 

anthraquinones isolated from the lichens 

Heterodermia obscurata and Nephroma laevigatum 

also inhibited viruses including Herpes Simplex 

Virus type 1 (HSV-1) in previous investigations 

[59,60]. 

Anti-viral activity against Human 

parainfluenza virus type 2 (HPIV-2) were shown by 

the lichen extracts of Xanthoparmelia tinctina and 

Xanthoria parietina [61]. Also, the derivatives of 

secondary metabolites isolated from the lichen 

Ramalina farinacea inhibited adenoviruses and 

lentiviruses [62]. Also, 13 phenolic compounds 

isolated from the lichen R. farinacea showed 

inhibition against the respiratory syncytial virus 

(RSV) [63]. Researchers from West Africa found out 

anti-viral activity against infectious bursal disease 

virus, yellow fever virus and polio virus when 

evaluating the lichen extracts of Parmelia perlata 

[62].In a similar research, anti-viral activities of 

parietin extracted from the lichen Teloschistes 

chrysophthalmus against Junin and Tacaribe 

arenaviruses were recorded [64]. 

Usnic acid and the derivatives of it are known to be 

more promising in the treatment of influenza virus. 

They were investigated in many past studies as well 

[65]. Some other viruses including Herpes simplex 

type 1 virus, Epstein–Barr virus, Polio virus, 

respiratory syncytial virus, arenavirus, and human 

papillomavirus were also inhibited by usnic acid and 

its derivatives [66-68]. Lichens continue to yield new 

antiviral chemicals, making them an appealing 

potential source of novel antiviral compounds in the 

future. Given the variety of options provided by 

lichens, we anticipate that they will continue to be an 

intriguing focus of our research in the hunt for 

effective antiviral treatments for life-threatening viral 

infections and diseases.  

 

3.4 Anti-protozoal activities 

Similar to the anti-bacterial, anti-fungal, and 

anti-viral activities, anti-protozoal potential of lichens 

has also proven in some investigations. Usnic acid, 

which is one of the most common lichen substances, 

demonstrated anti-protozoal activities in the past 

investigations [69]. Along with usnic acid, divaricatic 

acid, 5-propylresorcinol and isodivaricatic acid 

extracted from the lichen Protousnea poeppigii also 

showed anti-protozoal activities [13]. In addition to 

these findings, anti-plasmodial activities of lichens 

have also been documented in many previous 

investigations. Plasmodium is a parasitc protozoan 

and extracts of various lichens showed inhibition 

against it [70]. Pamenta et al. [71] found out that the 

extracts of Usnea longissima inhibited Plasmodium 

falciparum, which is the causative agent of malaria. 

Also, a novel compound extracted from a Nigerian 

lichen Dirinaria picta also demonstrated its anti-

plasmodial potential in a past research [72].These 

results indicate that lichen source can be exploited 

more to further explore the anti-protozoal potential. 

Anti-microbial activities of various lichens and the 

bioactive compounds which are responsible for the 

antimicrobial activities are summarized in Table 1. 
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Table 1: Antimicrobial activities of lichens 

Lichens 

 

Bioactive compound Antimicrobial activity References 

Stereocaulon ramulosum Methyl haematommate Anti-fungal activity [73] 

Ochrolechia androgyna Lecanoric acid Anti-bacterial activity [13] 

Umbilicaria esculenta Lichen polysaccharide 

sulfate 

Anti-viral activity [56] 

Cetraria aculeata Protolichesterinic acid Anti-bacterial activity [18] 

Roccella belangeriana  Anti-bacterial activity [26] 

Cetraria islandica Protolichesterinic acid Anti-bacterial activity [74] 

Alectoria nigricans Salazinic acid, 

alectorialic acid 

Anti-viral activity [75] 

Cladonia arbuscula Usnic acid Anti-mycobacterial activity [76] 

Dirinaria picta  Poly phenolic depside Anti-plasmodial activity [72] 

Ramalina farinacea Sekikaic acid Anti-viral activity [63] 

Evernia prunastri Lichenic acid Anti-fungal activity [48] 

Protousnea poeppigii Isodivaricatic acid, 5-

propylresorcinol, 

divaricatic acid, usnic 

acid 

Anti-fungal and anti-

protozoal activities 

[47] 

Cladonia portentosa Lichenic acid Anti-fungal activity [13] 

Nephroma laevigatum, 

Heterodermia obscurata 

Emodin, 7-chloroemodin, 

7-chloro-1- O-

methylemodin, 5,7- 

dichloroemodin, 7,70 

dichlorohypericin, and 

hypericin 

Anti-viral activity [60] 

Hypogymnia physodes Lichenic acid Anti-fungal activity [13] 

Usnea campestris Usnic acid Anti-fungal and anti-

bacterial activities 

[77] 

Everniastrum cirrhatum Protolichesterinic acid, 

Atranorin,  Salazinic acid 

Anti-fungal and anti-

bacterial activities 

[78] 

Umbilicaria proboscidea  Anti-fungal activity [13] 

Cladonia cristatella  Anti-viral activity [58] 

Ochrolechia androgyna Lecanoric acid Anti-fungal and anti-

bacterial activities 

[13] 

Nephromopsis pallescens  Anti-fungal activity [79] 

Teloschistes 

chrysophthalmus 

Parietin Anti-viral activity [64] 

Cladonia foliacea Usnic acid, Atranorin, 

Fumarprotocetraric acid 

Anti-bacterial activity [53] 

Cladonia furcata Fumarprotocetraric acid Anti-fungal and anti-

bacterial activities 

[13] 

Ramalina conduplicans  Anti-fungal activity [79] 

Parmelia saxatilis Salazinic acid, 

alectorialic acid 

Anti-viral activity [75] 

Parmotrema screminiae Norlobaridone and 

protolichesterinic acid 

Anti-bacterial activity [80] 

Lecanora frustulosa Zeorin, Divaricatic acid Anti-fungal and anti-

bacterial activities 

[81] 
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Lasallia pustulata  Anti-bacterial activity [44,45] 

Melanelia sp.  Anti-fungal activity [13] 

Several lichens Lichenan Anti-viral activity [82] 

Cladia retipora Usnic acid Anti-fungal and anti-

bacterial activities 

[83] 

Parmelia conspresa Stictic acid Anti-fungal and anti-

bacterial activities 

[13] 

Parmeliopsis hyperopta Zeorin, Divaricatic acid Anti-bacterial and anti-

fungal activities 

[81] 

Pseudocyphellaria 

homoeophylla 

Usnic acid Anti-viral activity [16] 

Usnea rigida usnic acid,divaricatinic 

acid, 5-resorcinol, and 

isodivaricatinic acid 

Anti-fungal activity [47] 

Parmotrema tinctorum Phenolic substances Anti-bacterial activity [35] 

Parmotrema tinctorum Lecanoric acid Anti-fungal activity [84] 

Usnea subfloridans  Anti-fungal activity [85] 

Cladia aggregata Barbatic acid Anti-bacterial activity [86] 

Pseudocyphellaria glabra Usnic acid Anti-viral activity [16] 

Stereocaulon vesuvianum Atranol Anti-bacterial activity [74] 

Parmelia caperata Protocetraric acid Anti-fungal and anti-

bacterial activities 

[13] 

Pertusaria sp.  Anti-fungal activity [79] 

Caloplaca cerina parietin Anti-fungal activity [87] 

Peltigera polydactyla evernic acid, vulpinic 

acid and hirtusneanoside 

Anti-bacterial activity [13] 

Pseudoparmelia 

sphaerospora 

Phenolic substances Anti-bacterial activity [88] 

 

 

3.5 Probable mechanisms of antimicrobial action 

of lichens 

Antimicrobial action of lichens is defined as 

their ability to kill or hinder the growth of bacteria. 

Antimicrobial activity can be attributed to a variety 

of pathways such as, Inhibition of cell wall synthesis, 

Inhibition of protein synthesis, Disruption of cell 

membrane, Inhibition of nucleic acid synthesis, anti-

metabolite action, mitochondrial dysfunction, and 

inhibition of efflux pumps (Figure 1). Inhibition of 

cell wall synthesis can be resulted from various 

actions including inhibition of biosynthetic enzymes, 

combining with carrier molecules, combining with 

cell wall substances, and inhibition of polymerization 

and attachment of new peptidoglycan to cell wall 

[89].Protein synthesis inhibitors act at the ribosomal 

units, preventing the pathogen from synthesizing 

proteins by misreading the amino acid sequence, and 

therefore preventing the pathogenic cells from 

functioning [90]. 
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Figure 1: Various mechanisms of antimicrobial action of lichens 

 

Disorganization of cytoplasmic membrane 

and production of pores in membrane can also trigger 

the alteration in cell membranes [91] which can lead 

to the growth inhibition of particular microorganism. 

Interference with nucleotide synthesis, impairing the 

template function of DNA, inhibition of DNA-

Directed DNA polymerase, and inhibition of DNA 

replication may also lead to the inhibition of nucleic 

acid synthesis [92], which can be ultimately resulted 

in the inhibition of the growth of microorganism. 

Furthermore, antimetabolites can also block the 

ability of the cell to carry out a metabolic reaction. 

They work by inhibiting enzymes competitively and 

erroneously incorporating into nucleic acids. In both 

circumstances, the cells of microorganisms lose their 

ability to operate normally [37]. 

 

3.6 Commercialized products of lichen origin 

Various commercialized products based on 

lichen extracts which can act as commercial 

pharmaceutical agents are offered by various 

companies world-wide. Lamprene®, Broncholind®, 

Isla-Moos®, Gessato™, Lichensed®, Isla® Ginger 

30Pastilles, and Usnea Extract Dropper are some of 

those commercialized products of lichen origin 

(Figure 2) [93,94]. 

 

 
Figure 2: Lamprene® (Clofazimine) (A), Lichensed® capsules (B), Isla® Ginger 30 Pastilles (C), Usnea Extract 

Dropper (D), and Isla-Moos® capsules (E) 
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In a previous study, a group of researchers 

found out a new series of agents called 

‘riminophenazines’ which showed high anti-

mycobacterial/anti-tuberculous activity in 1957. A 

pharmaceutical company named as ‘Novartis’ later 

developed B-663, which is the most effective among 

those novel agents, as a commercial pharmaceutical 

product with the brand name Lamprene® (Generic 

name: Clofazimine). Currently, Lamprene® capsules 

are available in the global market as 

antimycobacterial drugs[95]. Broncholind® and Isla-

Moos® are the trade names of the commercially 

approved drugs used to treat some respiratory issues 

and they were made using the extracts of Icelandic 

lichens[94]. Isla® Ginger 30 Pastilles are the 

commercial products of Germany which were 

developed using Icelandic lichen extracts in order to 

treat sore throat and soothe symptoms of hoarseness 

as well[96]. 

Usnea Extract Dropper is also accessible in 

the global market in various commercial forms of 

different companies for the purpose of detoxification 

and cleansing[97]. Globally available Lichensed® 

capsules developed from the extracts of the lichens 

Cetraria islandica, are being used to treat some 

throat infections[93].Some of the German 

companies have incorporated usnic acid, which is a 

very common lichen substance in some of their 

antiseptic products including Camillen 60 Fudes 

spray, Gessato™ and nail oil[94]. In addition, lichen 

extract of Xanthoparmelia scabrosa is tone of the 

main ingredients in the aphrodisiac formulations 

which are available in the global market [93] and 

pharmaceutical companies of Nepal have used 

Parmelia nepalense in their pharmacological products 

for sore throat and toothache as well [98]. Extracts of 

lichens are used in several commercial products of 

various countries such as Japan, Italy, Germany, and 

United States in the forms of neutraceuticals, 

pharmaceuticals, and cosmetics[99]. 

 

3.7 Challenges and Future directions 

Despite their wide range of biological 

activities, mycologists and agro-chemists 

have disregarded lichens, owing to their slow growth 

in nature and challenges in artificial culturing. As a 

result, lichen metabolites have yet to reach the stage 

of large-scale industrial manufacturing. In some 

previous investigations, despite the fact that lichen 

solvent extracts showed antimicrobial effects, none of 

the isolated chemical compounds had the same 

effects. This might be attributed to either very low 

amount of active ingredient in the lichen extracts or 

loss of synergism. Therefore, mass culturing of 

lichens is essential since spectroscopic techniques 

demand large volumes of afforded products for 

characterization; hence a way to culture vast 

quantities on a larger scale is needed [13]. This has 

prompted scientists to conduct additional research on 

the artificial culturing of lichens. To prospect lichens 

or their secondary metabolites, we must improve the 

traditional lichen tissue culture technique by 

developing more appropriate nutrient media and 

physiological parameters that can support symbiont 

growth and the production of secondary metabolites 

in greater quantities in a shorter period of time 

[100].In contrast, these differences between the 

natural environment and artificial medium can also 

turn as an advantage. The alterations in the culturing 

parameters including pH, salinity, composition, 

temperature, and others may trigger the metabolome 

of the species evaluated, which may lead to the 

amplification of little changes to enormous ones in a 

good way[101]. 

Bioreactor-based large-scale production of 

lichen culture biomass is also one of the promising 

technologies that could be widely used in the future 

for industrial-scale lichen secondary compound 

exploitation. Using OSMAC (One Strain Many 

Active Compounds) technique is also one of the most 

beneficial approaches in order to accomplish the 

artificial lichen culturing successfully as this 

technique is capable of covering the complete 

metabolome. The metabolic diversity of the lichen 

inhabiting fungi can also be increased by co-culturing 

bacterial species with those fungal strains. OSMAC 

approach involves co-culturing of the symbionts and 

natural conditions are given to the culturing medium 

by introducing the cell lines of the host 

tissue[102].However, to develop, optimize, and scale-

up promising lichen-based technologies of great 

economic and global value, more research and 

development is necessary. Looking for novel lichens 

and exploiting them may also help to discover novel, 

unique chemical compounds with anti-microbial 

potential. 

Secondary metabolite production of lichens 

can be triggered by various environmental conditions. 

Increase of global temperature, lengthy droughts, 

altered precipitation and evaporation rates, elevation 
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of the global CO2 level, and rising of the sea level are 

some of the adverse effects of the current global 

climate change. The majority of these alterations will 

have an impact on the future adaptation and 

secondary metabolite synthesis of lichens. However, 

these secondary metabolites, on the other hand, guard 

against rising environmental challenges as the lichens 

can tolerate extreme environments. Lichens, 

especially the fungal mycobionts are robust and can 

create a variety of chemicals that have similar effects 

even in triggered environmental conditions. 

However, these interactions and the role of the 

colonization of other holobionts in these adaptations, 

can be further studied at the laboratory level in future 

using the advanced techniques such as, molecular 

Imaging, carbon isotope labeling, and ‘Omics’ 

approaches[103]. 

There are several factors associated with the 

low metabolite yield and poor separation. Sample 

degradation due to the various other chemicals in the 

metabolite extract, Interference of solvents used for 

quenching and extraction, quantitative errors in 

chromatography and spectrometry techniques, and 

peak misidentification are some of those factors 

which can lead to low metabolite yield and poor 

separation. Improving protocols using full scan 

approaches and multiple SRM( Selected Reaction 

Monitoring ), Implementation of techniques like 

systems-level thermodynamic analysis for the 

identification and quantification of mis-measured 

metabolites, utilization of advanced including NMR 

(Nuclear Magnetic Resonance),Performing spiking 

experiments to check quenching and analyte stability, 

and building a well-functioning metabolite analysis 

pipeline can be done to improve the procedure 

downstream analysis in order to obtain high 

metabolite yield[104]. 

Synergistic activity of compounds is another 

obstacle in natural product science. The topic of 

synergy in natural product formulations has received 

much attention recently, and the importance of multi-

target combination therapy has risen to prominence 

[105]. Many tools have been developed to make 

natural product formulations less difficult. In the 

better identification of combination effects, recent 

models using the explicit mean equation and zero 

interaction potency models, and various other robust 

reference models have been used. Furthermore, 

metabolomics and biochemometric techniques are 

also being used as attractive approaches for 

examining synergy, and they have just initiated to 

be used to uncover elements that participate in 

combination effects. Future study and development in 

this field will also benefit from the use of statistical 

techniques capable of detecting non-linear 

correlations [106]. Additionally, untargeted 

approaches in identifying molecular targets of 

synergistic or antagonistic modes of action have only 

recently begun to be investigated, and further 

research on this issue is crucial. Big Data advanced 

approaches also hold a lot of promise for identifying 

active mixture components, describing their 

interactions, and understanding their probable 

mechanisms of action. 

Several investigations, on the other hand, 

have found that some lichen compounds can trigger 

allergies and are hazardous to organs. Several natural 

lichen chemicals, such as atranorin, stictic, 

fumarprotocetraric, and physodic acids, have been 

proven to be allergic [107]. Furthermore, usnic and 

other lichen acids have been linked to hepatotoxicity 

in various investigations. Despite the fact that usnic 

acid and its derivatives have been sold in the United 

States, there were multiple instances of liver toxicity 

linked to the intake of dietary supplements containing 

usnic acid [108,109]. Drug discovery from natural 

compounds and molecules can also be considered as 

a difficult multifaceted task, particularly in terms of 

safety. The use of lichen metabolites in medicine is a 

potential subject that necessitates interdisciplinary 

research from drug technologists, medicine chemists, 

nutritionists, and toxicologists in future to overcome 

these kinds of issues.Isolation and characterization of 

active compounds, as well as elucidation 

mechanism, may become easier in the future with the 

use of contemporary equipment and procedures. This 

method would provide a big volume of material 

while having no negative impact on the environment. 

Appropriate chemical alteration of natural products 

may improve their stability and minimize their 

toxicity, as well as boost their potency. In the near 

future, specific analytical methodologies must be 

carefully examined by in vitro and in vivo studies of 

problematic lichen compounds, as well as the 

evaluation of possible adverse human impacts [12]. 

Advancement of science and technology can 

also play a vital role in lichen research and 

development in future. To overcome the limited 

availability of biologically active, financially useful, 

and medicinally significant secondary metabolite 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 573 

substances, metabolic engineering and 

biotechnological techniques can be employed as an 

alternative production strategy [100].The increasing 

application of genetic techniques in the regulation of 

secondary metabolic pathways will lay the 

groundwork for economically feasible production of 

lichen substances. To minimize the slow growth rate 

of lichens, genetic engineering can be employed to 

locate the genes responsible for the generation of 

lichen secondary metabolites, as well as the 

expression of the gene in fast-growing fungus [110]. 

Researchers can also incorporate advanced 

techniques like multi-omics approach in lichen 

research to identify and further investigate the 

processes of certain substances found in natural 

lichens. Also, chemical synthesis of isolated and 

identified compounds is another aspect to be 

developed. Yet sometimes the steric effect may be 

lost and hence may not be successful. Furthermore, 

combining chemistry and computer-aided drug 

design may be able to produce novel synthetic 

analogues of lichen compounds, thereby expanding 

the access or pharmaceutical industry to new 

medication discovery [100]. 

Conservation of lichens is also main 

consideration when extracting potential bioactive 

compounds from the lichen species since they are 

very slow growers. Below listed are some proposed 

strategies which can be implemented to conserve 

lichen species[111]. 

- Inventorying and documenting the lichen rich 

environments. 

- Conserving the permanent lichen habitats 

including grasslands, mountain ridges, gravel 

fields, and forests. 

- Giving strict protection to the greater population 

of rare and endangered lichen species, as they are 

the propagule pools, which are essential for long-

term persistence of the species. 

- Conservation and reservation of areas located at 

least within 100m from such propogaule pools, as 

they are the future habitats of such lichen species. 

- Identifying specific threats to different lichen 

communities such as soil lichens and 

implementing suitable remedies. 

- Developing simplified illustrated identification 

manuals for lichens 

- Creating awareness about lichens and the need to 

conserve them at appropriate levels. 

- Establishing organizations or groups dedicated for 

the conservation of lichens worldwide. 

 

IV. CONCLUSION 
Lichens have remarkable antimicrobial 

potential, which should be extensively studied and 

used for the betterment of human health and society. 

More than 800 lichen metabolites have structures 

accessible, but many more to be defined in future 

[112].Because of their sluggish development and 

difficulty in artificial cultivation, lichens were usually 

overlooked by pharmaceutical companies. However, 

more research and development is needed, using 

enhanced modes of action based on next-generation 

sequencing and multi-omics methods including 

transcriptomics, metabolomics, and proteomics, etc. 

to explore the antimicrobial potential of lichens fully. 

Lichen tissue culture and gene transfer procedures 

may potentially aid in expanding access to lichen-

derived drugs and pharmaceutical screening 

requirementsfor the discovery of novel antimicrobial 

compounds. However, conservation of lichens should 

be mainly considered when utilizing lichens for the 

purpose of extracting novel bioactive compounds. 

 

LIST OF REFERENCES: 
[1]. Molins, A., Moya, P. et al. (2018). A multi-

tool approach to assess microalgal diversity in 

lichens: isolation, Sanger sequencing, HTS 

and ultrastructural correlations. The 

Lichenologist 50(1), 123–138. 

[2]. Nayanakantha, N. M. C. & Gajameragedara, S. 

(2003). A survey of lichens in the Kandy 

Municipal Region. Ceylon Journal of Science 

(Biological Sciences), 31, 35-41. 

[3]. Weerakoon, G., Jayalal, U. et al. (2015). Six 

new Graphidaceae (lichenized Ascomycota: 

Ostropales) from Horton Plains National Park, 

Sri Lanka. Nova Hedwigia, 101, 1-12. 

[4]. Jayalal, U., Oh, S. O. et al. (2016). Evaluation 

of air quality using lichens in three different 

types of forest in Korea. Forest Science and 

Technology, 12(1), 1-8. 

[5]. Jayalal, R.G.U., Ileperuma, O.A. et al. (2017). 

Correlation of atmospheric purity index to the 

diversity of lichens in the Horton Plains 

National Park, Sri Lanka. Ceylon Journal of 

Science, 46(2), 13-29. 

[6]. Sudarshan, P. & Ramachandra, T.V. (2010). 

Lichens of Western Ghats. Lake 2010: 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 574 

Wetlands,Biodiversity and Climate Change. 1-

4. 

[7]. Malhotra, S., Subban, R. et al. (2007). Lichens 

- Role in traditional medicine and drug 

discovery. The Internet Journal of Alternative 

Medicine, 5 (2), 1-6. 

[8]. Thadhani, V. M., Choudhary, M. I. et al. 

(2011). Antioxidant activity of some lichen 

metabolites. Natural Product Research, 25(19), 

1827–1837. 

[9]. Antibiotic-resistant Germs: New Threats. 

Centers for Disease Control and Prevention. 

(2021), from 

https://www.cdc.gov/drugresistance/biggest-

threats.html. 

[10]. Antimicrobial resistance: tackling a crisis for 

the health and wealth of nations / the Review 

on Antimicrobial Resistance chaired by Jim 

O'Neil. Wellcome Collection. (2021). 

Retrieved 12 July 2021, from: 

https://wellcomecollection.org/works/rdpck35

v. 

[11]. Shrivastava SR, Shrivastava PS, Ramasamy J. 

World health organization releases global 

priority list of antibiotic-resistant bacteria to 

guide research, discovery, and development of 

new antibiotics. J Med Soc [serial online] 2018 

[cited 2021 Jul 12]; 32:76-7. Available from: 

https://www.jmedsoc.org/text.asp?2018/32/1/7

6/211097 

[12]. Shukla, V., Joshi, G., & Rawat, M. (2010). 

Lichens as a potential natural source of 

bioactive compounds: a 

review. Phytochemistry Reviews, 9(2), 303-

314. https://doi.org/10.1007/s11101-010-9189-

6 

[13]. Zambare, V., & Christopher, L. (2012). 

Biopharmaceutical potential of 

lichens. Pharmaceutical Biology, 50(6), 778-

798. 

https://doi.org/10.3109/13880209.2011.63308

9 

[14]. Maduranga, K., Attanayake, R. N. et al. 

(2018). Molecular phylogeny and 

bioprospecting of Endolichenic Fungi (ELF) 

inhabiting in the lichens collected from a 

mangrove ecosystem in Sri Lanka. PLoS ONE, 

13(8), 1-22. 

[15]. Burkholder, P. R., Evans, A. W., McVeigh, I., 

& Thornton, H. K. (1944). Antibiotic Activity 

of Lichens. Proceedings of the National 

Academy of Sciences of the United States of 

America, 30(9), 250–255. 

https://doi.org/10.1073/pnas.30.9.250 

[16]. Perry, N., Benn, M., Brennan, N., Burgess, E., 

Ellis, G., & Galloway, D. et al. (1999). 

Antimicrobial, Antiviral and Cytotoxic 

Activity of New Zealand Lichens. The 

Lichenologist, 31(6), 627-636. 

https://doi.org/10.1006/lich.1999.0241 

[17]. Candan, M., Yılmaz, M., Tay, T., Erdem, M., 

& Türk, A. (2007). Antimicrobial Activity of 

Extracts of the Lichen Parmelia sulcata and its 

Salazinic Acid Constituent. Zeitschrift Für 

Naturforschung C, 62(7-8), 619-621. 

https://doi.org/10.1515/znc-2007-7-827 

[18]. Türk, A. O., Yilmaz, M., Kivanç, M., & Türk, 

H. (2003). The antimicrobial activity of 

extracts of the lichen Cetraria aculeata and its 

protolichesterinic acid constituent. Zeitschrift 

fur Naturforschung. C, Journal of 

biosciences, 58(11-12), 850–854. 

https://doi.org/10.1515/znc-2003-11-1219 

[19]. Ranković, B., Misić, M., & Sukdolak, S. 

(2007). Evaluation of antimicrobial activity of 

the lichens Lasallia pustulata, Parmelia 

sulcata, Umbilicaria crustulosa, and 

Umbilicaria cylindrica. Mikrobiologiia, 76(6), 

817–821. 

[20]. Behera, B., Verma, N., Sonone, A., & 

Makhija, U. (2005). Antioxidant and 

antibacterial activities of lichen Usnea 

ghattensis in vitro. Biotechnology 

Letters, 27(14), 991-995. 

https://doi.org/10.1007/s10529-005-7847-3 

[21]. Karagoz, A., Dogruoz, N., Zeybek, Z. (2009) 

Antibacterial activity of some lichen extracts. J 

Med Plants Res 3:1034–1039 

[22]. Mitrović, T., Stamenković, S., Cvetković, V., 

Tošić, S., Stanković, M., Radojević, I., 

Stefanović, O., Comić, L., Dačić, D., Curčić, 

M., & Marković, S. (2011). Antioxidant, 

antimicrobial and antiproliferative activities of 

five lichen species. International journal of 

molecular sciences, 12(8), 5428–5448. 

https://doi.org/10.3390/ijms12085428 

[23]. Marijana, K., Branislav, R., & Slobodan, S. 

(2010). Antimicrobial activity of the lichen 

Lecanora frustulosa and Parmeliopsis 

hyperopta and their divaricatic acid and zeorin 

https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/biggest-threats.html
https://wellcomecollection.org/works/rdpck35v
https://wellcomecollection.org/works/rdpck35v
https://doi.org/10.1073/pnas.30.9.250
https://doi.org/10.1006/lich.1999.0241
https://doi.org/10.1515/znc-2007-7-827
https://doi.org/10.1515/znc-2003-11-1219
https://doi.org/10.1007/s10529-005-7847-3
https://doi.org/10.3390/ijms12085428


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 575 

constituents. African Journal of Microbiology 

Research, 4, 885-890. 

[24]. Paudel, B., Bhattarai, H., Lee, J., Hong, S., 

Shin, H., & Yim, J. (2007). Antioxidant 

activity of polar lichens from King George 

Island (Antarctica). Polar Biology, 31(5), 605-

608. https://doi.org/10.1007/s00300-007-0394-

8 

[25]. Saenz, M. T., Garcia, M. D., & Rowe, J. G. 

(2006). Antimicrobial activity and 

phytochemical studies of some lichens from 

south of Spain. Fitoterapia, 77(3), 156–159. 

https://doi.org/10.1016/j.fitote.2005.12.001 

[26]. Karthikaidevi, G., Thirumaran, G., 

Manivannan, K. (2009) Screening of the 

antibacterial properties of lichen Roccella 

belangeriana (Awasthi) from Pichavaram 

mangrove (Rhizophora sp.). Adv Biol Res 

3:127–131 

[27]. Shrestha, G., Raphael, J., Leavitt, S. D., & St 

Clair, L. L. (2014). In vitro evaluation of the 

antibacterial activity of extracts from 34 

species of North American 

lichens. Pharmaceutical biology, 52(10), 

1262–1266. 

https://doi.org/10.3109/13880209.2014.88917

5 

[28]. Vivek, M.N., Kambar, Y., Manasa, M., 

Kekuda, P.T.R., Vinayaka, K.S. (2014a). 

Radical scavenging and antibacterial activity 

of three Parmotrema species from Western 

Ghats of Karnataka, India. Journal of Applied 

Pharmaceutical Science 4(3): 86-91 

[29]. Ristić, S., Ranković, B., Kosanić, M., 

Stanojković, T., Stamenković, S., Vasiljević, 

P., Manojlović, I., & Manojlović, N. (2016). 

Phytochemical study and antioxidant, 

antimicrobial and anticancer activities of 

Melanelia subaurifera and Melanelia 

fuliginosa lichens. Journal of food science and 

technology, 53(6), 2804–2816. 

https://doi.org/10.1007/s13197-016-2255-3 

[30]. Kosanić, M., Ranković, B., Stanojković, T., 

Stošić, I., Grujičić, D., & Milošević-

Djordjević, O. (2016). Lasallia pustulata lichen 

as possible natural antigenotoxic, antioxidant, 

antimicrobial and anticancer 

agent. Cytotechnology, 68(4), 999–1008. 

https://doi.org/10.1007/s10616-015-9856-y 

[31]. Ankith, G.N., Kekuda, P., Rajesh, M., Karthik, 

K., Avinash, H., & Vinayaka, K. (2017). 

ANTIBACTERIAL AND ANTIFUNGAL 

ACTIVITY OF THREE RAMALINA 

SPECIES. Journal of Drug Delivery and 

Therapeutics, 7, 27-32. 

[32]. Bondarenko, V., Korczynski, M., & 

Techathaveewat, W. (2017). The antimicrobial 

properties of extracts isolated from lichen 

Parmelia vagans [Supplemental material]. 

FASEB Journal, 31(1), 939.13. 

[33]. Kosanic, M. (2018). Extracts of five Cladonia 

lichens as sources of biologically active 

compounds. Farmacia, 66, 644-651. 

[34]. Senthil Prabhu S, Sudha SS (2015) Evaluation 

of the antibacterial properties of some lichen 

species against human pathogens. Int J Adv 

Res Biol Sci 2:177–181 

[35]. Rajan, V., Gunasekaran, S., Ramanathan, S., 

Murugaiyah, V., Samsudin, M., & Din, L. 

(2015). Antibacterial activity of extracts of 

Parmotrema praesorediosum, Parmotrema 

rampoddense, Parmotrema tinctorum and 

Parmotrema reticulatum. 

https://doi.org/10.1063/1.4931294 

[36]. Ganesan, A., Thangap, M., Ian, Ponnusamy, 

P., & Sundararaj, J. (2017). Antibacterial and 

antioxidant activity of Parmotrema reticulatum 

obtained from Eastern Ghats, Southern 

India. Biomedical Research-tokyo, 28, 1593-

1597. 

[37]. Kosanić, M., & Ranković, B. (2019). Lichen 

Secondary Metabolites as Potential Antibiotic 

Agents. Lichen Secondary Metabolites, 99-

127. https://doi.org/10.1007/978-3-030-16814-

8_3 

[38]. Srivastava, P., Upreti, D., Dhole, T., 

Srivastava, A., & Nayak, M. (2013). 

Antimicrobial Property of Extracts of Indian 

Lichen against Human Pathogenic 

Bacteria. Interdisciplinary Perspectives On 

Infectious Diseases, 2013, 1-6. 

https://doi.org/10.1155/2013/709348 

[39]. Ranković, B., Kosanić, M., Stanojković, T., 

Vasiljević, P., & Manojlović, N. (2012). 

Biological activities of Toninia candida and 

Usnea barbata together with their norstictic 

acid and usnic acid constituents. International 

journal of molecular sciences, 13(11), 14707–

14722. https://doi.org/10.3390/ijms131114707 

https://doi.org/10.1007/s00300-007-0394-8
https://doi.org/10.1007/s00300-007-0394-8
https://doi.org/10.1016/j.fitote.2005.12.001
https://doi.org/10.3109/13880209.2014.889175
https://doi.org/10.3109/13880209.2014.889175
https://doi.org/10.1007/s13197-016-2255-3
https://doi.org/10.1007/s10616-015-9856-y


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 576 

[40]. Türk, H., Yilmaz, M., Tay, T., Türk, A. O., & 

Kivanç, M. (2006). Antimicrobial activity of 

extracts of chemical races of the lichen 

Pseudevernia furfuracea and their physodic 

acid, chloroatranorin, atranorin, and olivetoric 

acid constituents. Zeitschrift fur 

Naturforschung. C, Journal of 

biosciences, 61(7-8), 499–507. 

https://doi.org/10.1515/znc-2006-7-806 

[41]. Kosanic, M., Rankovic, B., Stanojkovic, T., 

Vasiljevic, P., & Manojlovic, N. (2014). 

Biological activities and chemical composition 

of lichens from Serbia. EXCLI journal, 13, 

1226–1238. 

[42]. Sarizl, N.Y., Cankili, M.Y., Mehmet, C., An, 

& Tay, T. (2016). Antimicrobial activity of 

lichen Bryoria capillaris and its compound 

barbatolic acid. Biomedical Research-tokyo, 

419-423. 

[43]. Paudel B, Bhattarai HD, Lee JS et al (2008) 

Antioxidant activity of polar lichens from 

King George Island (Antarctica). Polar Biol 

31:605–608 

[44]. Ranković, B., Mišić, M., Sukdolak, S. (2007) 

Antimicrobial activity of the lichens Aspicilia 

cinerea, Collema cristatum, Ochrolechia 

androgyna, Physcia aipolia and Physcia caesia. 

Ital J Food Sci 19:461–469 

[45]. Ranković, B., Mišić, M., & Sukdolak, S. 

(2007). The antimicrobial activity of 

substances derived from the lichens Physcia 

aipolia, Umbilicaria polyphylla, Parmelia 

caperata and Hypogymnia physodes. World 

Journal Of Microbiology And 

Biotechnology, 24(7), 1239-1242. 

https://doi.org/10.1007/s11274-007-9580-7 

[46]. Goel, M., Dureja, P., Rani, A., Uniyal, P., & 

Laatsch, H. (2011). Isolation, Characterization 

and Antifungal Activity of Major Constituents 

of the Himalayan LichenParmelia reticulata 

Tayl.†. Journal of Agricultural And Food 

Chemistry, 59(6), 2299-2307. 

https://doi.org/10.1021/jf1049613 

[47]. Schmeda-Hirschmann, G., Tapia, A., Lima, B., 

Pertino, M., Sortino, M., & Zacchino, S. et al. 

(2007). A new antifungal and antiprotozoal 

depside from the andean lichen Protousnea 

poeppigii. Phytotherapy Research, 22(3), 349-

355. https://doi.org/10.1002/ptr.2321 

[48]. Halama, P., & Van Haluwin, C. (2004). 

Antifungal activity of lichen extracts and 

lichenic acids. Biocontrol, 49(1), 95-107. 

https://doi.org/10.1023/b:bico.0000009378.31

023.ba 

[49]. Manojlovic, N., Solujic, S., Sukdolak, S., & 

Krstic, L. (2000). Isolation and antimicrobial 

activity of anthraquinones from some species 

of the lichen genus Xanthoria. Journal of The 

Serbian Chemical Society, 65(8), 555-560. 

https://doi.org/10.2298/jsc0008555m 

[50]. Manojlovic, N., Solujic, S., & Sukdolak, S. 

(2002). Antimicrobial Activity of an Extract 

and Anthraquinones from Caloplaca 

Schaereri. The Lichenologist, 34(1), 83-85. 

https://doi.org/10.1006/lich.2001.0365 

[51]. Manojlovic, N., Vasiljevic, P., & Markovic, Z. 

(2010). Antimicrobial activity of extracts and 

various fractions of chloroform extract from 

the lichen Laurera benguelensis. Journal of 

Biological Research, 13, 27-34. 

[52]. Manojlović, N., Ranković, B., Kosanić, M., 

Vasiljević, P., & Stanojković, T. (2012). 

Chemical composition of three Parmelia 

lichens and antioxidant, antimicrobial and 

cytotoxic activities of some their major 

metabolites. Phytomedicine, 19(13), 1166-

1172. 

https://doi.org/10.1016/j.phymed.2012.07.012 

[53]. Yılmaz, M., Türk, A., Tay, T., & Kıvanç, M. 

(2004). The Antimicrobial Activity of Extracts 

of the Lichen Cladonia foliacea and its (–)-

Usnic Acid, Atranorin, and Fumarprotocetraric 

Acid Constituents. Zeitschrift Für 

Naturforschung C, 59(3-4), 249-254. 

https://doi.org/10.1515/znc-2004-3-423 

[54]. Andersen, D., Weber, N., Wood, S., Hughes, 

B., Murray, B., & North, J. (1991). In vitro 

virucidal activity of selected anthraquinones 

and anthraquinone derivatives. Antiviral 

Research, 16(2), 185-196. 

https://doi.org/10.1016/0166-3542(91)90024-l 

[55]. Perry NB, Benn MH, Brennan NJ, Burgess EJ, 

Ellis G, Galloway DJ, Lorimer SD, Tangney 

RS (1999) Antimicrobial, antiviral and 

cytotoxic activity of New Zealand lichens. 

Lichenologist 31 (6):627–636 

[56]. HIRABAYASHI, K., IWATA, S., ITO, M., 

SHIGETA, S., NARUI, T., MORI, T., & 

SHIBATA, S. (1989). Inhibitory effect of a 

https://doi.org/10.1007/s11274-007-9580-7
https://doi.org/10.1021/jf1049613
https://doi.org/10.1002/ptr.2321
https://doi.org/10.1023/b:bico.0000009378.31023.ba
https://doi.org/10.1023/b:bico.0000009378.31023.ba
https://doi.org/10.2298/jsc0008555m
https://doi.org/10.1006/lich.2001.0365
https://doi.org/10.1016/j.phymed.2012.07.012
https://doi.org/10.1515/znc-2004-3-423
https://doi.org/10.1016/0166-3542(91)90024-l


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 577 

lichen polysaccharide sulfate, GE-3-S, on the 

replication of human immunodeficiency virus 

(HIV) in vitro. Chemical And Pharmaceutical 

Bulletin, 37(9), 2410-2412. 

https://doi.org/10.1248/cpb.37.2410 

[57]. Wood S, Huffman J, Weber N, Andersen D, 

North J, Murray B, Sidwell R, Hughes B 

(1990) Antiviral activity of naturally occurring 

anthraquinones and anthraquinone derivatives. 

Planta Med 56:65–52 

[58]. Yamamoto, Y., Kinoshita, Y., Kurokawa, T., 

Yoshimura, I., Ahmadjian, V., & Yamada, Y. 

(1995). Cell growth and pigment production in 

suspension cultures of a mycobiont isolated 

from the lichen Cladonia cristaiella. Canadian 

Journal Of Botany, 73(S1), 590-594. 

https://doi.org/10.1139/b95-299 

[59]. Cohen, P., & Towers, G. (1995). 

Anthraquinones and 

Phenanthroperylenequinones from Nephroma 

laevigatum. Journal of Natural Products, 58(4), 

520-526. https://doi.org/10.1021/np50118a006 

[60]. Cohen, P., Hudson, J., & Towers, G. (1996). 

Antiviral activities of anthraquinones, 

bianthrones and hypericin derivatives from 

lichens. Experientia, 52(2), 180-183. 

https://doi.org/10.1007/bf01923366 

[61]. Esimone, C. O., Ofokansi, K. C., Adikwu, M. 

U., Ibezim, E. C., Abonyi, D. O., Odaibo, G. 

N., & Olaleye, D. O. (2007). In 

[62]. Esimone, C. O., Ofokansi, K. C., Adikwu, M. 

U., Ibezim, E. C., Abonyi, D. O., Odaibo, G. 

N., & Olaleye, D. O. (2007). In vitro 

evaluation of the antiviral activity of extracts 

from the lichen Parmelia perlata (L.) Ach. 

against three RNA viruses. Journal of infection 

in developing countries, 1(3), 315–320. 

[63]. Lai, D., Odimegwu, D., Esimone, C., 

Grunwald, T., & Proksch, P. (2013). Phenolic 

Compounds with In Vitro Activity against 

Respiratory Syncytial Virus from the Nigerian 

Lichen Ramalina farinacea. Planta 

Medica, 79(15), 1440-1446. 

https://doi.org/10.1055/s-0033-1350711 

[64]. Fazio, A., Adler, M., Bertoni, M., Sepúlveda, 

C., Damonte, E., & Maier, M. (2007). Lichen 

Secondary Metabolites from the Cultured 

Lichen Mycobionts of Teloschistes 

chrysophthalmus and Ramalina celastri and 

their Antiviral Activities. Zeitschrift Für 

Naturforschung C, 62(7-8), 543-549. 

https://doi.org/10.1515/znc-2007-7-813 

[65]. Cuong, T., & Thoa, N. (2018). Bioactive 

Compounds from Lichens as Promising 

Biomaterial for the Treatment of Influenza 

Virus: A Review. Journal Of Scientific 

Research And Reports, 18(4), 1-15. 

https://doi.org/10.9734/jsrr/2018/39899 

[66]. Sokolov, D., Zarubaev, V., Shtro, A., 

Polovinka, M., Luzina, O., & Komarova, N. et 

al. (2012). Anti-viral activity of (−) - and (+)-

usnic acids and their derivatives against 

influenza virus A(H1N1)2009. Bioorganic & 

Medicinal Chemistry Letters, 22(23), 7060-

7064. 

https://doi.org/10.1016/j.bmcl.2012.09.084 

[67]. Shtro, A., Zarubaev, V., Luzina, O., Sokolov, 

D., Kiselev, O., & Salakhutdinov, N. (2014). 

Novel derivatives of usnic acid effectively 

inhibiting reproduction of influenza A 

virus. Bioorganic & Medicinal 

Chemistry, 22(24), 6826-6836. 

https://doi.org/10.1016/j.bmc.2014.10.033 

[68]. Shtro, A., Zarubaev, V., Luzina, O., Sokolov, 

D., & Salakhutdinov, N. (2015). Derivatives of 

usnic acid inhibit broad range of influenza 

viruses and protect mice from lethal influenza 

infection. Antiviral Chemistry and 

Chemotherapy, 24(3-4), 92-98. 

https://doi.org/10.1177/2040206616636992 

[69]. Sepahvand, A., Studzińska-Sroka, E., Ramak, 

P., & Karimian, V. (2021). Usnea sp.: 

Antimicrobial potential, bioactive compounds, 

ethnopharmacological uses and other 

pharmacological properties; a review 

article. Journal Of Ethnopharmacology, 268, 

113656. 

https://doi.org/10.1016/j.jep.2020.113656 

[70]. Tajuddeen, N., & Van Heerden, F. (2019). 

Antiplasmodial natural products: an 

update. Malaria Journal, 18(1). 

https://doi.org/10.1186/s12936-019-3026-1 

[71]. Pamenta, A., Azis, T., Watoni, A., Natsir, M., 

Ansharullah, & Adiba, I. et al. (2020). 

Antimalarial activity of lichen Usnea 

longissima. THE 8TH INTERNATIONAL 

CONFERENCE OF THE INDONESIAN 

CHEMICAL SOCIETY (ICICS) 2019. 

https://doi.org/10.1063/5.0001501 

https://doi.org/10.1248/cpb.37.2410
https://doi.org/10.1139/b95-299
https://doi.org/10.1021/np50118a006
https://doi.org/10.1007/bf01923366
https://doi.org/10.1055/s-0033-1350711
https://doi.org/10.1515/znc-2007-7-813
https://doi.org/10.1016/j.bmcl.2012.09.084
https://doi.org/10.1016/j.bmc.2014.10.033
https://doi.org/10.1177/2040206616636992
https://doi.org/10.1186/s12936-019-3026-1
https://doi.org/10.1063/5.0001501


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 578 

[72]. Ungogo, M., Ebiloma, G., Ichoron, N., Igoli, 

J., de Koning, H., & Balogun, E. (2020). A 

Review of the Antimalarial, Antitrypanosomal, 

and Antileishmanial Activities of Natural 

Compounds Isolated From Nigerian 

Flora. Frontiers in Chemistry, 8. 

https://doi.org/10.3389/fchem.2020.617448 

[73]. Hickey BJ, Lumsden AJ, Cole ALJ, Walker 

JRL (1990) Antibiotic compounds from New 

Zealand plants: methyl haematomate, an anti-

fungal agent from Stereocaulon ramulosum. 

New Zealand Nat Sci 17:49–53 

[74]. Khanuja SPS, Tiruppadiripuliyur RSK, Gupta 

VK, Srivastava SK, Verma SC, Saikia D, 

Darokar MP, Shasany AK, Pal A. (2007). 

Antimicrobial and anticancer properties of 

methyl-betaorcinolcarboxylate from lichen 

(Everniastrum cirrhatum). US Patent No. 

0099993A1 

[75]. Omarsdottir, S., ÓLadóttir, A., ÁRnadóttir, T., 

& Ingólfsdóttir, K. (2006). Antiviral 

compounds from Icelandic lichens. Planta 

Medica, 72(11). https://doi.org/10.1055/s-

2006-949742 

[76]. Ingolfsdottir, K., Gissurarson, S., Müller-

Jakic, B., Breu, W., & Wagner, H. (1996). 

Inhibitory effects of the lichen metabolite 

lobaric acid on arachidonate metabolism in 

vitro. Phytomedicine, 2(3), 243-246. 

https://doi.org/10.1016/s0944-7113(96)80049-

3 

[77]. Gutkind GO, Martino V, Grana N, Coussio 

JD, Torres RA (1981) Screening of South 

American plants for biological activities. 

Antibacterial and antifungal activity. 

Fitoterapia 52(5):213 

[78]. Swathi D, Suchitha Y, Prashith Kekuda TR, 

Venugopal TM, Vinayaka KS, Mallikarjun N, 

Raghavendra HL. (2010). Antimicrobial, 

antihlmintic and insecticidal activity of a 

macrolichen Everniastrum cirrhatum (FR.). 

Hale. Int J Drug Develop Res, 2, 780–789 

[79]. Oh, S., Jeon, H., Lim, K., Koh, Y., & Hur, J. 

(2006). Antifungal Activity of Lichen-

Forming Fungi Isolated from Korean and 

Chinese Lichen Species Against Plant 

Pathogenic Fungi. Plant Pathology Journal, 22, 

381-385. 

[80]. Honda, N., Freitas, D., Micheletti, A., Pereira 

Carvalho, N., Spielmann, A., & Da Silva 

Canêz, L. (2016). Parmotrema screminiae 

(Parmeliaceae), a Novel Lichen Species from 

Brazil with Potent Antimicrobial 

Activity. Orbital - The Electronic Journal Of 

Chemistry, 8(6). 

https://doi.org/10.17807/orbital.v8i6.877 

[81]. Ranković B, Kosanić M, Sukdolak S. (2010). 

Antimicrobial activity of some lichens and 

their components. In: Anninos P, Rossi M, 

Pham TD, Falugi C, Bussing A, Koukkou M, 

eds. Recent Advances in Clinical Medicine. 

Cambridge, UK: World Scientific and 

Engineering Academy and Society Press, pp. 

279–286 

[82]. Stubler, D., Buchenauer, H. (1996) Antiviral 

activity of the glucan lichenan (poly-β{1 ! 3, 1 

!4} Danhydroglucose) 1. Biological activity in 

tobacco plants. J Phytopathol 144:37–43 

[83]. Oran, S., Sahin, S., Sahinturk, P., Ozturk, S., 

& Demir, C. (2016). Antioxidant and 

Antimicrobial Potential, and HPLC Analysis 

of Stictic and Usnic Acids of Three Usnea 

Species from Uludag Mountain (Bursa, 

Turkey). Iranian journal of pharmaceutical 

research: IJPR, 15(2), 527–535. 

[84]. Gomes, A. T., Honda, N. K., Roese, F. M., 

Muzzi, R. M., & Marques, M. R. (2002). 

Bioactive derivatives obtained from lecanoric 

acid, a constituent of the lichen Parmotrema 

tinctorum (Nyl.) Hale (Parmeliaceae). Revista 

Brasileira de Farmacognosia, 12, 74–75. 

https://doi.org/10.1590/s0102-

695x2002000300036 

[85]. Ekong US, Mgbii AI, Adikwu MU. (2008). 

Evaluation of the in vitro combination effect 

of colloidal silver concentrate on the 

antifungal activity of ethanolic extract of the 

lichen Usnea subfloridans. Nigerian Annals 

Nat Sci, 8, 1–5. 

[86]. Martins MCB, Gonçalves de Lima MJ, Silva 

FP, Ximenes EA, Henrique da Silva N, Pereira 

EC. (2010). Cladia aggregata (lichen) from 

Brazilian northeast, chemical characterization 

and antimicrobial activity. Braz Arch Biol 

Technol, 53, 115–122. 

[87]. Manojlovic, N., Novakovic, M., Stevovic, V., 

& Solujic, S. (2005). Antimicrobial 

Metabolites from Three 

SerbianCaloplaca. Pharmaceutical 

https://doi.org/10.3389/fchem.2020.617448


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 579 

Biology, 43(8), 718-722. 

https://doi.org/10.1080/13880200500387257 

[88]. Solárová, Z., Liskova, A., Samec, M., 

Kubatka, P., Büsselberg, D., & Solár, P. 

(2020). Anticancer Potential of Lichens’ 

Secondary Metabolites. Biomolecules, 10(1), 

87. https://doi.org/10.3390/biom10010087 

[89]. Górniak, I., Bartoszewski, R., & Króliczewski, 

J. (2018). Comprehensive review of 

antimicrobial activities of plant 

flavonoids. Phytochemistry Reviews, 18(1), 

241-272. https://doi.org/10.1007/s11101-018-

9591-z 

[90]. Polikanov, Y., Aleksashin, N., Beckert, B., & 

Wilson, D. (2018). The Mechanisms of Action 

of Ribosome-Targeting Peptide 

Antibiotics. Frontiers in Molecular 

Biosciences, 5. 

https://doi.org/10.3389/fmolb.2018.00048 

[91]. Vazquez-Muñoz, R., Meza-Villezcas, A., 

Fournier, P., Soria-Castro, E., Juarez-Moreno, 

K., & Gallego-Hernández, A. et al. (2019). 

Enhancement of antibiotics antimicrobial 

activity due to the silver nanoparticles impact 

on the cell membrane. PLOS ONE, 14(11), 

e0224904. 

https://doi.org/10.1371/journal.pone.0224904 

[92]. Yilancioglu. (2019). Antimicrobial Drug 

Interactions: Systematic Evaluation of Protein 

and Nucleic Acid Synthesis 

Inhibitors. Antibiotics, 8 (3), 114. 

https://doi.org/10.3390/antibiotics8030114 

[93]. Elkhateeb, W., Daba, G., Sheir, D., Nguyen, 

T., Hapuarachchi, K., & Thomas, P. (2020). 

Mysterious World of Lichens: Highlights on 

Their History, Applications, and 

Pharmaceutical Potentials. The Natural 

Products Journal, 10. 

https://doi.org/10.2174/221031551066620012

8123237 

[94]. Elkhateeb, W., & Daba, G. (2019). Lichens, an 

Alternative Drugs for Modern Diseases. 

International Journal of Research In Pharmacy 

And Biosciences, Volume 6(Issue 10), PP 5-9 

[95]. McGuffin, S., Pottinger, P., & Harnisch, J. 

(2017). Clofazimine in Nontuberculous 

Mycobacterial Infections: A Growing Niche. 

Open Forum Infectious Diseases, 4(3). 

https://doi.org/10.1093/ofid/ofx147 

[96]. Isla Ingwer ginger lozenges 30 Pcs - Candies - 

Homoempatia - Versandapotheke. 

Homoempatia.eu. (2021). Retrieved 11 July 

2021, from 

https://www.homoempatia.eu/product/isla-

ingwer-ginger-

lozenges.511487.html?language_code=en. 

[97]. GUO, L., SHI, Q., FANG, J., MEI, N., ALI, 

A., & LEWIS, S. et al. (2008). Review of 

Usnic Acid andUsnea BarbataToxicity. 

Journal of Environmental Science and Health, 

Part C, 26(4), 317-338. 

https://doi.org/10.1080/10590500802533392 

[98]. Kumar, S., Banskota, A., & Manandhar, M. 

(1996). Isolation and Identification of some 

Chemical Constituents of Parmelia nepalensis. 

Planta Medica, 62(01), 93-94. 

https://doi.org/10.1055/s-2006-957822 

[99]. Yamamoto, Y., Hara, K., Kawakami, H., & 

Komine, M. (2015). Lichen Substances and 

Their Biological Activities. Recent Advances 

in Lichenology, 181-199. 

https://doi.org/10.1007/978-81-322-2235-4_10 

[100]. Verma, N., & Behera, B. (2014). Future 

Directions in the Study of Pharmaceutical 

Potential of Lichens. Lichen Secondary 

Metabolites, 237-260. 

https://doi.org/10.1007/978-3-030-16814-8_9 

[101]. Bode, H., Bethe, B., Höfs, R., & Zeeck, A. 

(2002). Big Effects from Small Changes: 

Possible Ways to Explore Nature's Chemical 

Diversity. Chembiochem, 3(7), 619. 

https://doi.org/10.1002/1439-

7633(20020703)3:7<619::aid-

cbic619>3.0.co;2-9 

[102]. Wethalawe, A., Alwis, Y., Udukala, D., & 

Paranagama, P. (2021). Antimicrobial 

Compounds Isolated from Endolichenic Fungi: 

A Review. Molecules, 26(13), 3901. 

https://doi.org/10.3390/molecules26133901 

[103]. Deduke, C., Timsina, B., & D., M. (2012). 

Effect of Environmental Change on Secondary 

Metabolite Production in Lichen-Forming 

Fungi. International Perspectives on Global 

Environmental Change. 

https://doi.org/10.5772/26954 

[104]. Lu, W., Su, X., Klein, M., Lewis, I., Fiehn, O., 

& Rabinowitz, J. (2017). Metabolite 

Measurement: Pitfalls to Avoid and Practices 

to Follow. Annual Review of Biochemistry, 

https://doi.org/10.3390/biom10010087
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.1371/journal.pone.0224904
https://doi.org/10.3390/antibiotics8030114
https://doi.org/10.1007/978-3-030-16814-8_9


 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 564-580 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604564580              | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 580 

86(1), 277-304. 

https://doi.org/10.1146/annurev-biochem-

061516-044952 

[105]. Bohlin, L., Göransson, U., Alsmark, C., 

Wedén, C., & Backlund, A. (2010). Natural 

products in modern life science. 

Phytochemistry Reviews, 9(2), 279-301. 

https://doi.org/10.1007/s11101-009-9160-6 

[106]. Caesar, L., & Cech, N. (2019). Synergy and 

antagonism in natural product extracts: when 1 

+ 1 does not equal 2. Natural Product Reports, 

36(6), 869-888. 

https://doi.org/10.1039/c9np00011a 

[107]. Xu, M., Heidmarsson, S., Olafsdottir, E., 

Buonfiglio, R., Kogej, T., & Omarsdottir, S. 

(2016). Secondary metabolites from cetrarioid 

lichens: Chemotaxonomy, biological activities 

and pharmaceutical 

potential. Phytomedicine, 23(5), 441-459. 

https://doi.org/10.1016/j.phymed.2016.02.012 

[108]. Foti, R., Dickmann, L., Davis, J., Greene, R., 

Hill, J., & Howard, M. et al. (2008). 

Metabolism and related human risk factors for 

hepatic damage by usnic acid containing 

nutritional supplements. Xenobiotica, 38(3), 

264-

280.https://doi.org/10.1080/004982507018025

14  

[109]. Kaasalainen, U., Fewer, D., Jokela, J., 

Wahlsten, M., Sivonen, K., & Rikkinen, J. 

(2012). Cyanobacteria produce a high variety 

of hepatotoxic peptides in lichen 

symbiosis. Proceedings of the National 

Academy of Sciences, 109(15), 5886-5891. 

https://doi.org/10.1073/pnas.1200279109 

[110]. Stamenković, S., Cvetković, V.J., Nikolic, M., 

Tošić, S., & Stojičić, D. (2011). Lichens as 

source of versatile bioactive compounds. 

[111]. Scheidegger, C., & Werth, S. (2009). 

Conservation strategies for lichens: insights 

from population biology. Fungal Biology 

Reviews, 23(3), 55-66. 

https://doi.org/10.1016/j.fbr.2009.10.003 

[112]. Bhattacharyya, S., Rani Deep, P., Singh, S., & 

Nayak, B. (2016). Lichen Secondary 

Metabolites and Its Biological 

Activity. American Journal of Pharmtech 

Research, (ISSN: 2249-3387).  

 

 


